The eastern Himalayan syntaxis is host to the actively deforming metamorphic massif, Namche Barwa. This massif has experienced a complex history of uplift and deformation, infl uenced by intense fl uvial erosion associated with the Yarlung Tsangpo. Here we present new thermobarometric and geochronologic information on metamorphic rocks from the Namche Barwa-Gyala Peri region. Pressure-temperature data are combined with U-Th-Pb ages of monazite and titanite in an effort to trace the metamorphic evolution of the eastern Himalaya. Metapelitic rocks containing garnet-biotite-plagioclase assemblages yield peak metamorphic pressures and temperatures of 10-14 kbar and 700-900 °C in the structural core of the massif. There is a distinct metamorphic break across the Namula thrust, separating high-grade rocks to the north from lower grade rocks to the south. Ion microprobe monazite and titanite ages of 3-10 Ma indicate that timing of metamorphism is roughly coincident with the age of granitic melt production (<10 Ma) as well as the onset of rapid denudation. In-situ ages determined from monazites included in garnet show that they grew over a period of several million years (6.4 ± 0.3 Ma to 11.3 ± 0.2 Ma) and during a pressure decrease of ~5 kbar. These data suggest that high-grade metamorphism and anatexis is a phenomenon that has been operative at Namche Barwa since at least the mid-Miocene. Geodynamic models for the evolution of Namche Barwa must therefore account for these features. We conclude that our data most closely fi t the tectonic aneurysm model, based on distinct spatial correlations between pressure-temperature (P-T) conditions, age of metamorphism, and erosion by the Tsangpo.
INTRODUCTION
Metamorphism in the Himalayas is primarily associated with Paleocene-Eocene collision of India with Asia. As such, Himalayan metamorphic rocks are generally related to convergent processes such as thrusting, crustal thickening, and lateral expulsion of material along transform fault systems (Hodges, 2000 , and references therein). Synorogenic extension is also invoked as a means for producing anatexis and granulitefacies metamorphism along the South Tibetan detachment system as well as gneiss domes in southern Tibet (Chen et al., 1990; Guillot et al., 1998; Lee et al., 2000) . Geomorphic processes are less commonly attributed to infl uencing the production of high-grade metamorphic rocks, and are only called upon in areas of the Himalaya where major rivers crosscut the orogen (i.e., Zeitler et al., 1993; Burg et al., 1998; Zeitler et al., 2001a; Vannay et al., 2004) . Based on close spatial correlations between structural deformation and erosion by the Yarlung Tsangpo, Zeitler et al. (2001a) suggested that in the eastern Himalayan syntaxis these processes are linked by positive feedbacks. However, with the exception of a few studies (Zhang et al., 1992; Zhong and Ding, 1996; Liu and Zhong, 1997; Burg et al., 1998; Ding et al., 2001; Geng et al., 2006) , there are limited data regarding the metamorphic evolution of the eastern Himalayan syntaxis, information that is critical in evaluating hypotheses regarding the driving force behind metamorphism of this region.
The antiformal basement massif, Namche Barwa, is located in a remote area of the eastern Himalayan syntaxis, the tectonic and metamorphic history of which is not well understood. Numerous models exist for the development of the Himalayan syntaxes, including oroclinal bending (e.g., Ratschbacher et al., 1994) , lithospheric-scale folding (e.g., Treloar et al., 1991; Burg et al., 1998; Burg and Podladchikov, 1999) , and duplex thrusting (e.g., Ding et al., 2001; Yin et al., 2006) . Many of these models are consistent with structural trends observed at the syntaxes, but they do not address the temporal and spatial association between young metamorphism and fl uvial erosion (e.g., Zeitler et al., 1993; Zeitler et al., 2001a) . In the eastern Himalaya, the Yarlung Tsangpo crosses the orogen between the peaks Namche Barwa and Gyala Peri, exposing ~7000 m of actively deforming metamorphic rocks and very young granites (<10 Ma; Burg et al., 1998; Ding et al., 2001; Zeitler et al., 2001a; Booth et al., 2004) . These young melts are distinct from those reported elsewhere in the Himalayas, and correspond to a period of rapid denudation at Namche Barwa, estimated at ~10 mm/yr over the past 3 Myr (Burg et al., 1998) . The coincidence of young granites with rapid denudation has been explained by the "tectonic aneurysm" model (Zeitler et al., 2001a; Koons et al., 2002) , which attributes anatexis and high-grade metamorphism to rapid exhumation by the Yarlung Tsangpo. It remains unclear, however, on what length of time scale this aneurysm operates, or indeed whether such a model is applicable to the Namche Barwa region. If the origin of Namche Barwa is credited to rapid exhumation localized by river erosion, the question remains whether it is a long-term, ongoing process or merely a transient feature in the crust. An alternative model for the coincidence of intense erosion with young melts might involve ductile extrusion in association with channel fl ow from beneath Tibet (i.e., Beaumont et al., 2001 Beaumont et al., , 2004 . Here, we place constraints on these issues of time scales and geodynamical interpretations using thermobarometry and U-Th-Pb geochronology.
the crest line and the major geological units of the dominantly E-W-trending orogen. This change coincides with the high topography of the Namche Barwa region, the exposure of granulite-grade metamorphic rocks, and a 180-degree bend in the Yarlung Tsangpo. Namche Barwa comprises the eastern termination of the Himalayan orogen, and is the region in which the transition occurs between thrust-fault-dominated tectonics in the Himalayas and the strikeslip tectonic regime of Southeast Asia.
Near the peaks Namche Barwa and Gyala Peri, both Indian and Asian continental crust is exposed, separated by a narrow and highly deformed equivalent to the Indus Tsangpo suture zone (Fig. 1) . This unit has been interpreted as a continuous belt of mélange, including sporadic ultramafi c and mafi c lenses from a dismembered ophiolite suite (Geng et al., 2006) . The Gangdese or Transhimalayan Plutonic Belt of the southern Lhasa terrane (formerly part of the Asian plate margin) consists of Cretaceous and Paleogene calc-alkaline plutons intruded into deformed Paleozoic and Mesozoic low-grade sedimentary strata, and local higher grade gneissic rocks interpreted as their basement. These units form a frame around the antiformal Namche Barwa metamorphic massif. Surrounding much of the syntaxis, a mylonitic zone separates the Lhasa terrane rocks from the Namche Barwa core of Indian basement gneisses. Abundant amphibolites and uncommon serpentine lenses on the outer edge of this zone suggest that it marks the eastern continuation of the Indus Tsangpo suture zone, with remnants of metaophiolites separating Asian from Indian plate rocks. A distinctive belt of metasedimentary rocks (dominantly quartzites and pelites, with some calc-silicates), thought to be a more deformed and metamorphosed equivalent of the Tethyan Himalaya Paleozoic and Mesozoic sedimentary section, adjoins and also forms part of this zone of highly strained rocks. Medium-to high-grade metamorphic rocks (presumably derived from Indian basement rocks) make up the core of the Namche Barwa massif, and were once structurally below the Lhasa terrane and the other units described above. They are dominantly migmatitic gneisses of Proterozoic age (Zhang et al., 1992; Burg et al., 1998) . The gneisses are divided by Geng et al. (2006) into three components: (1) layered marble and diopside-bearing calcsilicate rocks within felsic gneiss, forming the upper part of the exposed Indian plate, (2) aluminous felsic gneiss containing boudins of high-pressure granulite, forming the lower part of the Indian plate, and (3) migmatite comprising the central part of the Namche Barwa massif.
Structure
The eastern Himalayan syntaxis represents a broad region over which structural trends in southeastern Tibet and the Himalayan orogen change in strike from E-W to N-S. This change is also evident in the trends of surface features such as major river valleys located along strikeslip faults (Hallet and Molnar, 2001) , and overall the syntaxis likely refl ects several generations of structural events along the eastern edge of the Indian plate, including Miocene extrusion tectonics , and ongoing clockwise rotations (Burchfi el et al., 1998; Shen et al., 2001) .
Namche Barwa is part of a large-scale, north-plunging antiformal structure, the hinge of which follows the present topographic crest, e.g., near Doxiong-La Pass ( Fig. 2 ; see also Burg et al., 1998) . Previous reconnaissance maps (Burg et al., 1998; Liu and Zhong, 1997; Zhang et al., 1992; Ding et al., 2001 ) differ signifi cantly from one another and from our map, which has been made using our new fi eld observations and parts of the map of the Moutou area by Geng et al. (2006) . The Location of cross-section ( antiform plunges increasingly steeply toward its northern termination, and deforms older, large-scale structural boundaries of the Himalayan orogen, specifi cally the Indus Tsangpo suture zone, South Tibetan detachment system (STDS), Gangdese thrust system (GTS), and perhaps the Renbu Zedong thrust system (RZTS; see Fig. 1 ). The margins of the structure are locally modifi ed by active faults-the Rong Chu Fault (a high-angle thrust) along the northern part of the western margin, and the faults passing near Medog (most likely thrusts with right-lateral slip components) on the eastern and southeastern side. We interpret ductile shear zones located along the margins of and within the Namche Barwa antiform as mostly attributable to older Himalayan events, with the main exception to this being the Nam-la ductile shear and fault zone (fi rst recognized by Liu and Zhong, 1997 ) that crosses the massif south of the peak of Namche Barwa and swings north to connect with the Rong Chu thrust on the western margin. This structure has a signifi cant metamorphic grade contrast across it, expressed in the core gneisses, as discussed below.
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Petrology and Granite Genesis
Namche Barwa gneisses south of the Namla thrust system are characterized by staurolite + kyanite + plagioclase + biotite + muscovite ± sillimanite and garnet + amphibole + plagioclase assemblages. North of the Nam-la thrust zone, low-to medium-pressure granulite-grade rocks contain garnet + sillimanite + K-feldspar + plagioclase + biotite + quartz ± spinel ± cordierite ± orthopyroxene assemblages (Liu and Zhong, 1997) . Thermobarometric studies (Zhong and Ding, 1996; Liu and Zhong, 1997) indicate that rocks of the eastern Himalayan syntaxis experienced at least two metamorphic episodes, the fi rst at high pressures and temperatures (14-15 kbar and ~800 °C), and the second by near-isothermal decompression to 8-10 kbar. High-pressure mafi c granulites also occur as relics within these granulite facies rocks (Liu and Zhong, 1997) .
In the core of the Namche Barwa massif, granitic dikes and sills intrude Indian basement gneisses on a range of scales. Burg et al. (1998) and Zhang et al. (1992) report leucogranite and pegmatite dikes in the Namche Barwa syntaxis, including leucosomes that crosscut metamorphic layering in the pelitic gneisses. This relationship indicates that anatexis outlasted the main fabric development in the core of Namche Barwa. Single-crystal U-Th-Pb analyses of zircon, xenotime and thorite by Burg et al. (1998) provide leucosome crystallization ages ranging between 2.9 and 3.9 Ma, and a protolith age of 484 ± 3 Ma. Ding et al. (2001) report U-Pb zircon ages as young as ca. 11 Ma from mafi c granulites and two-mica-bearing leucosomes within the core of the massif. The youngest zircon ages (11-25 Ma) are attributed to a later, high-grade metamorphic event, possibly related to decompression melting during rapid exhumation. Granitoids from Namche Barwa with U-Pb zircon ages as young as 3-10 Ma have also been reported by Booth et al. (2004) . Trace-element geochemical modeling indicates that these granites were derived from fl uid-absent melting of pelites during rapid decompression (Booth et al., 2004) .
Cooling History
Ar-Ar, fi ssion-track, and (U-Th)-He ages indicate that the Namche Barwa massif was rapidly exhumed over the past 5 Myr (Burg et al., 1998; Malloy, 2004) . The exhumation has been attributed to intense erosion by the Yarlung Tsangpo (~10 mm/yr), coeval with either crustal-scale folding (Burg et al., 1998) or local feedbacks between tectonic and surface processes (Zeitler et al., 2001a ). Exhumation appears to be concentrated near the major knickpoint of the river, where riverbed elevations drop 2000 m and maximum local relief is developed. Zircon (U-Th)-He ages range from 0.3 ± 0.1 Ma near this knickpoint to over 50 Ma at distal and higher elevation locations (Malloy, 2004; Zeitler et al., 2006) . The young ages extend across mapped structures and appear to defi ne a regional-scale, partial-retention zone with an infl ection at ~3000 m of elevation and 1-2 Ma in age (Malloy, 2004) . This age distribution suggests at least several kilometers of erosion within the past few million years. Apatite fi ssion-track ages reported from samples within the Namche Barwa massif range from 0.5 ± 0.4 Ma to 8.2 ± 1.6 (Burg et al., 1998) and zircon fi ssion-track ages are ca. 2.5 ± 0.4 Ma (Burg et al., 1998) . These two systems have closure temperatures of ~100 °C (apatite) and ~200 °C (zircon), and indicate rapid cooling and exhumation during the past 3 Myr of 100 °C/Myr or more.
Ar-Ar biotite ages are consistently younger than 5 Ma inside the Namche Barwa massif, with the youngest ages (<2 Ma) located around the Tsangpo knickpoint (Malloy, 2004) . Previously reported K-Ar mica ages range from 1.2 to 14 Ma within the core gneisses (Zhang et al., 1981; Ratschbacher et al., 1992) and are roughly consistent with our data. Ding et al. (2001) report an Ar-Ar hornblende age of ca. 8 Ma from Namche Barwa, also suggesting rapid cooling and exhumation since at least the late Miocene.
SAMPLES AND ANALYTICAL TECHNIQUES
Petrography and Thermobarometry
Metamorphic and granitic rock samples were collected from the Namche Barwa-Gyala Peri massif and surrounding area, crossing structural boundaries where possible. The location of samples analyzed for thermobarometry are displayed on Figure 2 , in the context of the large-scale geology and structures of the area. Approximately 100 thin sections were examined using a petrographic microscope, and characteristic mineral assemblages were determined; these are shown in Figure 3 and summarized in Table 1 .
Probe-polished thin sections were made from samples containing appropriate assemblages for thermobarometry. Mineral chemistry was determined with a JEOL 733A electron microprobe at Stanford University with an accelerating voltage of 15 kV and beam current of 15 nA, using natural minerals as standards. In all cases, several mineral pairs were analyzed for each sample. Raw counts were collected for 20 s and converted to oxide wt% by the CITZAF correction procedure. Compositional data for all minerals are tabulated in Item DR1.
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Prior to thermobarometric calculations, garnets were compositionally traversed at ~20-micron spacings to quantitatively evaluate zoning patterns ( Fig. 4 ; Item DR1 [see footnote 1]), as garnets commonly show zoning that refl ects growth events or diffusional modifi cation (e.g., Spear, 1993; Spear and Kohn, 1996; Azor et al., 1997; Kohn et al., 1997; Catlos et al., 2001) . Compositional data for garnet traverses are tabulated in Item DR1. Representative profi les of major elements (Mn, Mg, Fe, and Ca) across garnet are shown in Figure 4 . These plots allowed us to identify regions of the garnets that are lowest in Mn and Fe/(Fe + Mg), the most suitable for estimating minimum P-T conditions (e.g., Spear and Peacock, 1989) . For high-Fe garnets, we back calculated the compositions of matrix biotite, accounting for Fe and Mg added by garnet dissolution during retrograde net-transfer reactions (Kohn and Spear, 2000) .
Mineral end-member activities were calculated using the program AX (Holland and Powell, 1998) . P-T calculations were performed using THERMOCALC version 3.1 (Powell and Holland, 1988 ) with the 1998 thermodynamic data set (Holland and Powell, 1998) . We employed the average P-T approach of Powell and Holland (1994) for the observed assemblages, involving several linearly independent reactions in the K 2 O-FeO-MgO-Al 2 O 3 -SiO 2 -H 2 O (KFMASH) system. A fl uid composition of XH 2 O = 1.0 was assumed for all sample calculations. Peak metamorphic conditions were calculated using inner rim compositions of garnet (i.e., those not affected by late diffusional exchange; Spear, 1991; Spear and Florence, 1992) paired with matrix biotite and plagioclase. Most of the garnet cores exhibit fl at compositional profi les (Fig. 4) and are characteristic of garnets that have been homogenized at high metamorphic conditions (Tuccillo et al., 1990; Spear, 1993) . Rims typically show sharp enrichment of Mn, inferred to represent substantial resorption. Concomitant decreases in Ca and Mg/(Fe + Mg) indicate that resorption resulted from net transfer reactions involving garnet consumption and plagioclase growth during decompression and cooling. These retrograde net transfer reactions can signifi cantly affect the generated P-T results (Selverstone and Chamberlain, 1990; Spear, 1991; Spear and Florence, 1992; Kohn and Spear, 2000) . To assess the impact of retrograde net transfer reactions (e.g., Kohn and Spear, 2000) , thermobarometric estimates were made using compositions of matrix plagioclase and biotite both near and far from the garnet. Variations in the calculated pressures and temperatures were minimal. As such, peak metamorphic conditions (see Fig. 2 ) were derived from garnet compositions just inside the resorption-induced rim (the Mn and Fe/ (Fe + Mg) trough) and from matrix plagioclase and biotite. These pressures and temperatures are compatible with the observed assemblages (Table 1) ; however, in some cases it is possible that calculated temperatures were slightly overestimated due to retrograde garnet dissolution and Fe-Mg exchange with biotite (i.e., Kohn and Spear, 2000) . To quantify this effect, we calculated the amount of dissolved garnet following the method of Kohn and Spear (2000) . These calculations are tabulated in Item DR1 (see footnote 1), and indicate that the volumes of dissolved garnet are small (<5%). However, accounting for Fe and Mg added to biotite by garnet dissolution yields temperatures that, for some samples, are as much as 50-100 °C lower than originally calculated. Therefore we incorporated these calculations into the fi nal temperatures and pressures reported in Table 1 .
Geochronology
Monazite and titanite U-Th-Pb analyses were conducted at Stanford University using the sensitive high-resolution ion microprobereverse geometry (SHRIMP-RG) co-operated by the U.S. Geological Survey and Stanford University. Separated-grain and in-situ techniques were utilized for this study. Minerals were separated using standard procedures of crushing, grinding, and heavy liquid and magnetic separation. Zircon and monazite grains were mounted in epoxy and polished to approximately half their mean thickness, then characterized using backscattered electron imaging (BSE) to illuminate internal zoning. Further chemical characterization of monazite was achieved through X-ray mapping using a scanning electron microscope. In-situ ages (samples GP4-11a, GP4-11b, GP4-11c, GP4-2, and GP4-18; see Table 2 ) were obtained on monazite included in garnet. For these analyses, garnets were separated from the rock, mounted into 1-inch epoxy, ion-microprobe mounts, and monazite inclusions within were dated. For U-Th-Pb SHRIMP analysis, the mounts were coated with gold, and each sample was sputtered with a primary beam of O − ions using a spot size of ~25 µm. This spot size was used during in-situ analysis as well, although the monazite grains were typically much smaller than 25 µm. ThO, and 254 UO were measured. Analytical and data-reduction procedures followed those given in Williams (1998) and Ireland and Williams (2003) . Concentration and age data for monazites use standard 44069 with an age of 
qtz, gt, bio, plag, sill, py, rt 10.3, 790 GP-4-04 qtz, gt, bio, plag, ksp, sill, py 8.3, 800 (core); 3.5, 670 (rim)
qtz, gt, bio, plag, ksp, sill, il 8.8, 880 NB-10-04A qtz, gt, bio, 0
Note: Mineral assemblages observed in each sample and pressure-temperature estimates obtained using THERMOCALC. Pressures (kbar) and temperatures (°C) represent the average of 1-5 measurements of peak metamorphic conditions (see text for details), and correspond to those plotted on Figure 2 . Sample GP-4 lists pressure-temperature estimates using garnet core/rim compositions and inclusion thermobarometry on plagioclase and biotite; these are combined with in-situ monazite ages to determine pressure-temperature changes over time.
Abbreviations: qtz-quartz; gt-garnet; bio-biotite; plag-plagioclase; ksp-k-feldspar; ky-kyanite; sillsillimanite; hbl-hornblende; cpx-clinopyroxene; opx-orthopyroxene; il-ilmenite; ms-muscovite; rt-rutile; ep-epidote; chl-chlorite; py-pyrite. 424.9 ± 0.4 Ma and average U concentration of 2500 ppm (Aleinikoff et al., 2006) , or standard Wendell with an age of 301 Ma and average U concentration of 5500 ppm (Joseph Wooden, 2005, personal commun.) . Concentration and age data for titanites are standardized against BLR-1 with an age of 1047 ± 0.4 Ma and average U concentration of 250 ppm (Aleinikoff et al., 2007) . All reported ages were determined using the data-reduction programs Squid (Ludwig, 2001) and Isoplot (Ludwig, 2003) . Common Pb corrections were made using the two-stage average crustal Pb model of Stacey and Kramers (1975) .
RESULTS AND INTERPRETATION
Metamorphic Assemblages
We observed fi ve distinct metamorphic assemblages from rocks in and around Namche Barwa: (1) muscovite-chlorite-bearing metasediments belonging to the Lhasa Block, around the outside of the syntaxial region, (2) amphibolitic mylonites of the Indus-Tsangpo suture, containing blue-green amphiboles, (3) staurolite-kyanite-bearing Tethyan metasediments wrapping around suture zone rocks, (4) sillimanite-potassium feldspar-bearing rocks within Namche Barwa gneisses, north of the Nam-la thrust, and (5) kyanite-potassium feldspar-bearing gneisses south of the Nam-la thrust. All of these rock types also contain garnet, plagioclase, biotite, and quartz, with minor amounts of ilmenite. Garnets are inclusion-rich and range from 1 to 20 mm in diameter. Inclusion trails in garnets are typically at an angle to the dominant foliation (i.e., Fig. 3A) , which is defi ned by micas and/ or quartz ribbons. Sillimanite, where present, occurs either as fi brolitic sprays or as pseudomorphs of kyanite (i.e., Fig. 3B ), and appears to be postkinematic with respect to ductile foliation. Garnets typically exhibit decompression reaction textures, in which garnet rims have broken down to quartz and plagioclase. This is also seen in garnet zoning profi les (Fig. 4) , which show an abrupt decrease of Ca content in garnet rims, suggesting that Ca was transported from garnet to plagioclase during retrograde stages of metamorphism.
The boundaries between these metamorphic assemblages appear to be structurally controlled and do not represent true metamorphic isograds. Zones 1-4 are interpreted as distinct tectonostratigraphic units juxtaposed along major structural boundaries between zones 1, 2, and 3, associated with the Indus Tsangpo suture zone and younger high-strain zones also localized there. Inside the Namche Barwa massif, however, the bulk of metapelitic gneisses are characterized by a garnet-biotite-plagioclase-quartzpotassium feldspar ± muscovite ± kyanite ± sillimanite assemblage. Within these gneisses, sillimanite-bearing rocks occur primarily in the northern part of the antiform, whereas kyanitebearing rocks are present to the south. The boundary between these two assemblages coincides roughly with the Nam-la thrust system, suggesting that sillimanite-bearing rocks were carried to the surface from greater depth along the Nam-la thrust.
Thermobarometry
Thermobarometric calculations based on the average P-T method are summarized in Table 1 and plotted with sample numbers on Figure 2 . Temperatures and pressures calculated from THERMOCALC, incorporating typical uncertainty for each mineral end-member activity and errors in the thermodynamic data set, are at best accurate to ~50 °C and ~1 kbar. Each P-T point plotted on Figure 2 represents the average of 1-5 individual calculations based on analyses of garnet, biotite, and plagioclase coexisting with aluminosilicate and quartz within a single sample. Although there are large uncertainties associated with thermobarometric calculations, we emphasize that our primary concern is with broad patterns among the P-T data and implications for the evolution of Namche Barwa. Despite the relatively large uncertainties in the P-T calculations, the computed conditions agree with the expected pressure and temperature ranges of the observed metamorphic assemblages (Table 1) .
The wide range of calculated P-T conditions allows grouping based on spatial trends. These groups are distinct at the 95% confi dence interval. P-T conditions correspond to six geographic zones (see Fig. 2 ): (1) Lhasa Block metasediments around the outside of the syntaxial region, (2) suture zone amphibolites wrapped around Namche Barwa gneisses, (3) Tethyan metasediments wrapping around suture zone rocks, (4) the Gyala Peri region north of Namche Barwa, (5) the core of Namche Barwa, close to the Tsangpo Gorge, and (6) south of Namche Barwa, across the Nam-la thrust.
Outside the Namche Barwa syntaxis, medium-grade Lhasa Block metasediments are intruded by plutons associated with Gangdese arc magmatism. These rocks yield P-T conditions of equilibration that are the lowest among our study area (~3-7 kbar, 500-700 °C), and likely refl ect regional metamorphism prior to or associated with early India-Asia collision. A band of high-pressure amphibolites (15-20 kbar), which is interpreted as a remnant of the Tsangpo suture zone, wraps around the Namche Barwa gneisses. Outside this band is another zone of quartzofeldspathic and metasedimentary gneisses (forming basement and lowest cover of the Lhasa Block), which equilibrated at upper-amphibolite-facies conditions (~8-12 kbar and ~600-800 °C). Within the core of Namche Barwa, P-T data from metapelitic rocks indicate that fi nal equilibration occurred at high temperature and pressure (~11-14 kbar and 800-950 °C). This is consistent with the observed K-feldspar-bearing assemblages, as well as with results reported by Liu and Zhong (1997) . High P-T conditions suggest that these rocks represent deep exposures of the crust, and indicate that the core of Namche Barwa is the locus of the most deeply exhumed rocks. There is a clear metamorphic break between the core of Namche Barwa and the region south of the Nam-la thrust (Fig. 5) , where lower pressures and slightly lower temperatures characterize the assemblages (~5-9 kbar and 700-800 °C). Similarly, north of Namche Barwa in the vicinity of Gyala Peri, four samples (GP-2, GP-3, GP-4, and GP-5) yield pressures and temperatures that are somewhat lower (7-10 kbar and ~800-900 °C), suggesting the presence of metamorphic break between this area north of the Gyala Peri Peak and the Tsangpo Gorge outcrops north of Namche Barwa. However, we believe this structure is likely much older than the Nam-la thrust and related to an early Himalayan event involving emplacement of the higher pressure rocks back into the crust.
Metamorphic Geochronology
Monazite Ages
Monazite (Ce, La, Th)PO 4 is an accessory phase commonly used for U-Pb and Th-Pb dating of crustal rocks. Monazites usually contain <0.5% U and from 1% to 30% Th (Overstreet, 1967) , sustain little radiation damage, and are unlikely to lose Pb even at high-grade metamorphic conditions. There are complications, however, with assigning monazite ages to specifi c P-T conditions of formation, due to the large range of conditions over which monazite grows. Monazite forms as a metamorphic mineral under lower amphibolite-facies conditions (Smith and Barreiro, 1990; Kingsbury et al., 1993; Ferry, 2000; Pyle and Spear, 2003; Wing et al., 2003; Kohn and Malloy, 2004) up to granulite facies conditions (Bingen et al., 1996; Bea and Montero, 1999; Pyle et al., 2001; Pyle and Spear, 2003) . The appearance of monazite in conjunction with metamorphic index minerals such as aluminosilicate (e.g., Ferry, 2000; Wing et al., 2003) , staurolite (e.g., Kohn and Malloy, 2004) , or garnet (e.g., Harrison et al., 1997; Foster et al., 2000; Catlos et al. 2001; Kohn et al., 2001) suggests that monazite can potentially date timing of amphibolite-facies metamorphism. However, monazite may form and recrystallize multiple times with subsequent metamorphic episodes, and distinct age or compositional domains are observed in many cases (e.g., Teufel and Heinrich, 1997; Townsend et al., 2001; Kohn et al., 2005) . Bingen and van Breemen (1998) suggest that monazite ages may refl ect primary or secondary growth linked to metamorphic reactions involving redistribution of rare-earth elements (REEs) and Th. Indeed, age patterns associated with Th and Pb zoning in granulite-facies monazite indicate that monazite may be reset by secondary replacement of the crystal structure rather than by volume diffusion of Pb (DeWolf et al., 1993; Zhu et al., 1997) . Interpretation of monazite ages therefore requires knowledge of both the chemical zoning patterns as well as the likely prograde reactions responsible for monazite growth. We consider these factors when discussing metamorphic age signifi cance below.
Both U-Pb and Th-Pb ratios and ages are reported in this study ( U ages that are too old (e.g., Schärer, 1984; Parrish, 1990) . A correction technique for excess 206 Pb is outlined by Parrish (1990) , but it requires knowledge of the whole-rock allows for high count rates in parent and daughter isotopes, yielding precise ratio measurements. A potential isobaric interference at m/e = 204 (ThNdO 2 + ) was identifi ed by Ireland et al. (1999) , which introduces uncertainty in the 204 Pb corrected isotopic ratio. We did not apply a correction for this interference, but agreement between uncorrected and corrected 208 Pb/ 232 Th ages suggests that this effect is less than the uncertainty of the measurement.
Weighted average Th-Pb monazite ages are presented on Tera-Wasserburg concordia diagrams in Figure 7 , along with the 2σ age uncertainty, number of analyses constituting a coherent age group, and mean square of weighted deviates (MSWD) for the coherent group. Values of MSWD much greater than unity indicate uncertainty contributions that exceed analytical uncertainty and suggest that geologic variability such as outliers or samples from more than one population are contributing to the overall age range. Coherent age groups were extracted with Squid (Ludwig, 2001 ) using a minimum 5% probability-of-fi t, and a minimum 30% fraction of the total analyses to constitute a valid age group. Analyses comprising the coherent age group are indicated on Figure 7 . We confi rmed these age groupings by plotting uncorrected U-Pb data on a Tera-Wasserburg diagram; coherent age groups generally lie on a linear array. However, discrepancies between U-Pb and the more robust Th-Pb ages may exist, due to the effect of 230 Th-derived excess 206 Pb (described above). Samples GP-2-04, GP-3-04, and GP-4-04 from the Gyala Peri region north of Namche Barwa yielded ages of 5.5 ± 0.2 Ma, 5.2 ± 0.2 Ma, and 8.5 ± 0.4 Ma, respectively. These ages are consistent with a ca. 8 Ma 40 Ar/ 39 Ar hornblende age reported by Ding et al. (2001) . Two samples located outside the syntaxis (BT-8-01 and BT-13-01) had distinctly older ages of 67.0 ± 1.4 Ma and 47.5 ± 2.8 Ma, respectively.
Titanite Ages
Titanite is commonly used in U-Pb dating and has similar properties to monazite and zircon, with estimates of closure temperature ranging from 600 °C (Mezger et al., 1991) to 700 °C (Scott and St-Onge, 1995) . Titanite was fi rst applied as a dating tool by Tilton and Grunenfelder (1968) and has since been widely applied to studies of polymetamorphic belts (e.g., Tucker et al., 1987) . Titanite has been shown to retain Pb at temperatures in excess of crustal anatexis (Corfu, 1996; Zhang and Schärer, 1996) , indicating that titanite ages from metamorphic terranes may refl ect timing of late crystallization rather than cooling through the closure temperature (Bingen and van Breemen, 1998) . Our U-Pb titanite ages are presented in U values. Analysis of the youngest samples (NB-1-04, NB-2-04C, and GP-7-04) was hampered by a high concentration of common lead (Table 2) , as is often the case with young metamorphic titanites. As such, the large errors of the U-Pb ages are mainly due to uncertainties in the common lead correction. However, when these samples are plotted on a conventional Wetherill concordia diagram (Fig. 8) , the analyses spread out widely on a mixing-line trend toward the assumed common lead isotopic value. From the lower intercept of this line with the concordia, we were able to determine what we believe to be the "true" ages for NB-1-04, NB-2-04C, and GP-7-04 at 4.9 ± 3.9 Ma, 2.8 ± 1.4 Ma, and 21.7 ± 2.9 Ma, respectively. All monazite and titanite ages from this study are displayed on the map in Figure 6 , together with thorite and xenotime age previously published by Burg et al. (1998) .
Age Interpretation
Recent studies have shown that the interpretation of monazite ages requires knowledge of the chemical changes in monazite during metamorphism (e.g., Pyle et al., 2001; Spear and Pyle, 2002; Kohn and Malloy, 2004; Kohn et al., 2005) . Th and Y act as particularly good tracers because their variation can be linked to silicate reactions (Kohn et al., 2005) . BSE imaging and X-ray mapping of monazite grains prior to ion probe analysis allowed us to characterize the chemically distinguishable domains within each population (Figs. 11 and 12) . Sample BT-8 is characteristic of rocks located outside the Namche Barwa massif, and shows bright areas under BSE corresponding to younger age populations. These bright regions are also enriched in Y and Th, as revealed by X-ray mapping (Figs. 11A  and 11B ). Yttrium content in monazite depends almost exclusively on reactions involving garnet Spear, 1999, 2003; Pyle et al., 2001) , and so this zoning can be interpreted in terms of garnet growth history. In a study by Kohn et al. (2005) , rim enrichment of Y is interpreted as newly grown monazite, formed as result of partial melting of a garnet-bearing host rock. Because monazite strongly partitions Y more than any other phase, and garnet liberates Y via dissolution during melt crystallization, new monazite growth tends to be higher in Y (Kohn et al., 2005) . Inasmuch as partial melts have been documented throughout the entire Namche Barwa area (Burg et al., 1998; Ding et al., 2001; Booth et al., 2004) , this interpretation makes sense in context of the regional metamorphic history. Thorium enrichment may be explained in a similar fashion-Th occurs in trace amounts in all common pelitic minerals, so would likely be liberated during dissolution of these phases and partitioned into newly grown monazite. Sample GP-2, in contrast, is characteristic of Namche Barwa-Gyala Peri massif monazite, exhibiting virtually no variation in Y or Th (Figs. 11C and  11D ). We interpret this to mean that these monazites formed during a single (recent) phase of metamorphism accompanied by garnet growth. This is supported by the narrow range of ages observed, both from mineral separates and from in-situ analysis of monazite in garnet.
Rocks from Namche Barwa have experienced a complex history of metamorphism. This, combined with the complexities of monazite geochronology, make interpretation of our U-Th-Pb monazite and titanite ages diffi cult. Several lines of evidence, however, suggest that these ages correspond to timing of prograde metamorphism: (1) Monazites and titanites are typically associated with metamorphic minerals, i.e., as inclusions in garnet or aluminosilicate. The presence of monazite does not appear to depend on metamorphic grade, and is more likely a function of bulk composition of the host rock than association with a particular metamorphic isograd. (2) In-situ ion microprobe analyses of monazite included in garnet (Fig. 9) yield ages similar to those obtained from analysis of separates, spanning a period of several million years (6.4 ± 0.3 Ma to 11.3 ± 0.2 Ma; Table 2 ). (3) The U-Th-Pb system in monazite is very resistant to diffusional exchange, and tends to remain unaffected at temperatures up to 900 °C (Cherniak et al., 2004) . Therefore, metamorphic overprinting associated with rapid exhumation at lower temperatures should not have affected U-ThPb ages, unless the grains underwent fl uidmediated recrystallization. However, traceelement modeling of granites from within the Namche Barwa massif indicate melting under a dominantly fl uid-absent regime (Booth et al., 2004) . (4) Monazite and titanite ages correlate well with published granite ages, which are interpreted as crustal melts produced in concert with high-grade metamorphism and decompression-related anatexis (Burg et al., 1998; Ding et al., 2001; Booth et al., 2004) . (5) The youngest monazite ages (from Gyala Peri) are homogeneous under BSE imaging (Figs. 10A and 10B), suggesting a single growth event, with no evidence for secondary recrystallization. Older ages, located outside the Namche Barwa massif, were obtained from grains that exhibit complex zoning under BSE imaging (Figs. 10C and 10D ), indicating several growth and resorption episodes. This zoning was also observed in X-ray element maps of monazite (Fig. 11) as discussed above. For these zoned grains, we focused our analyses on bright regions in BSE images, typically found at the rims of monazite and producing the youngest age population. Although many grains are fragmented as a result of mineral separation, internal zoning as revealed by BSE imaging and X-ray mapping allowed us to pinpoint generations of monazite in order to obtain a coherent age group. Thus, where composite populations seemed evident, the reported age (Fig. 6) represents the youngest generation of monazite.
Based on these arguments, we interpret the monazite and titanite ages to represent timing of prograde metamorphism within the various metamorphic terranes of the study area.
Inasmuch as monazite growth is known to occur over a broad range of conditions, spanning moderate to high-grade metamorphic rocks , we believe this is a reasonable assumption. The range of ages observed from the eastern Himalayan syntaxis is probably a refl ection of the multiple episodes of deformation affecting this area. An understanding of these ages can be achieved through our current knowledge of the tectonometamorphic history of this region (i.e., Zhang et al., 1992; Burg et al., 1998; Ding et al., 2001; Booth et al., 2004) .
Namche Barwa Metamorphic Ages
Monazite and titanite ages within the Namche Barwa massif are distinct from those exposed across the Indus Tsangpo suture zone. All ages inside Namche Barwa are less than 10 Ma, whereas rocks outside the massif have metamorphic ages exceeding 20 Ma. The young ages are distinct in the context of Himalayan metamorphism, which is primarily associated with Eocene initiation of collision of India with Asia. Only in select regions of the Himalaya are extremely young metamorphic ages documented, such as the central Himalaya, where Th-Pb monazite ages of 3-10 Ma are reported associated with slip along the Main Central thrust (Harrison et al., 1997; Kohn et al., 2001; Catlos et al., 2001 Catlos et al., , 2002 . These ages, however, correspond to P-T conditions (7 kbar and 550 °C) that are distinctly lower than those observed within Namche Barwa. In the western Himalayan syntaxis, monazite ages of 4-11 Ma have been reported from Nanga Parbat (Smith et al., 1992) in association with amphibolite-to granulite-grade metamorphism. This recent metamorphism at Nanga Parbat coincides with leucogranite production (Zeitler and Chamberlain, 1991) as well as the onset of rapid denudation (Zeitler, 1985; Zeitler et al., 1989) , suggesting a causal relationship involving positive feedbacks between surfi cial and tectonic processes (e.g., Zeitler et al., 2001b) . Our monazite and titanite ages also correspond with timing of granitic melt emplacement at Namche Barwa (Burg et al., 1998; Ding et al., 2001; Booth et al., 2004; Fig. 12) , and support the evidence for a high-grade metamorphism and melting event during this time. Metamorphic ages are therefore likely associated with the same processes that produced these melts, i.e., rapid denudation and anatexis.
There is an interesting variation within the Namche Barwa ages (Fig. 6) , where younger ages (3-5 Ma) are observed in the southern part of the massif and slightly older ages (6-10 Ma) are located north, near Gyala Peri. We interpret this as a refl ection of the dated mineral (i.e., monazite versus titanite, thorite, or xenotime) and their differences in closure temperature, rather than a distinct difference in age of metamorphism. Thus, all metamorphic ages from Namche Barwa-Gyala Peri are interpreted as dating the same (young) event.
We cannot rule out the possibility that an early Himalayan metamorphic episode affected these rocks and was later overprinted by the recent, high-grade metamorphic event. If so, the highest grade rocks might be analogous to the Kaghan and Tso Morari crustal slices in the western Himalaya-subducted deeply and then returned back through the crustal subduction zone. Therefore, any ages and/or high-pressure (HP) assemblages recording such an event are not seen, as they were subsequently erased by the most recent phase of metamorphism.
Ages outside Namche Barwa
Across the suture zone, all metamorphic ages are distinctly Himalayan in origin. The two oldest ages (48 ± 3 Ma and 67 ± 1 Ma) are associated with Gangdese plutonism resulting from subduction of Tethyan lithosphere beneath Asia. Diorites and granodiorites from the eastern section of the Gangdese batholith yield isotopic ages between 113 ± 2 Ma ( 40 Ar/ 39 Ar method on amphiboles; Maluski et al., 1988) and 41.1 ± 0.4 Ma (U/Pb method on zircons; Schärer et al., 1984) . Near the Namche Barwa syntaxis, within the Lhasa block of this region, numerous granitoids have U-Pb zircon ages of 40-70 Ma and ca. 120 Ma (Booth et al., 2004) , which are also attributed to Gangdese arc plutonism.
The 22 ± 3 Ma titanite age could have several interpretations, inasmuch as multiple events ca. [18] [19] [20] [21] [22] [23] [24] [25] zone (e.g., Zhang and Schärer, 1999; Leloup and Kienast, 1993) , with partial melt emplacement ages ca. 22-23 Ma. It is possible that the 22 ± 3 Ma age is associated with shear-induced metamorphism as part of this event. However, it could also be related to the Gangdese thrust event, which is of this age (ca. 27-18 Ma) and involved underthrusting of part of the Gangdese belt (Copeland et al., 1995; Yin et al., 1994; Yin et al., 1999; Harrison et al., 2000) .
DISCUSSION
Our P-T estimates and metamorphic ages show several interesting characteristics. The most prominent is that across the Indus Tsangpo suture zone there is a distinct break in metamorphic assemblages, peak P-T estimates, and metamorphic ages. Within Namche Barwa, thermobarometry on garnet-biotite-plagioclase assemblages indicates peak metamorphic pressures and temperatures of 10-15 kbar and 700-900 °C in the core of the massif. These high-grade assemblages correspond to the youngest (<10 Ma) metamorphic ages. Monazite and titanite from Namche Barwa gneisses give Th-Pb and U-Pb ages of 3-10 Ma. Outside of Namche Barwa, however, P-T estimates are lower (4-10 kbar and <800 °C), and all ages are distinctly older. Th-Pb monazite ages of Lhasa Block metasediments are between 40 and 70 Ma, corresponding to Gangdese plutonism. However, the younger (22 ± 3 Ma) titanite age in this area must be associated with a more recent metamorphic event, possibly related to slip along the Gangdese thrust.
Within the Namche Barwa massif, metamorphic ages are consistently less than 10 Ma, and thus are distinct from periods of metamorphism reported elsewhere in the Himalayas, with exceptions noted above. The young monazites and titanites correspond with ages of granitic melts in this area (Burg et al., 1998; Ding et al., 2001; Booth et al., 2004) , which have a distinctive geochemical signature. Whole-rock geochemistry (e.g., Booth et al., 2004 ) based on Rb/Sr ratios indicates that these granitoids are products of decompression melting. It has been shown (Harris et al., 1993; Whittington et al., 1999 ) that trace-element abundances in granitic rocks can provide information regarding the conditions prevalent during melting. Geochemical modeling of Rb and Sr during anatexis suggests that fl uid-absent breakdown of muscovite would produce melts with Rb/Sr ratios >1.5 (Harris and Inger, 1992) . Granitoids from within Namche Barwa exhibit relatively high Rb/Sr ratios (>1.4) suggesting that a fl uid-absent melting (decompression) regime dominates near the massif core. Meanwhile, granitoids from outside Namche Barwa exhibit Rb/Sr ratios consistently below 1.5 and imply fl uid-present melting in the surrounding regions (Booth et al., 2004) . The other salient feature of our data is that a systematic variation in both P-T and metamorphic ages exists within Namche Barwa itself (Fig. 6) . The data suggest a metamorphic break across the Nam-la thrust, separating highgrade rocks to the north from lower grade rocks to the south. Rocks north of the Nam-la thrust equilibrated at pressures of 11-14 kbar, which requires that up to 40 km of crust be removed since 3-10 Ma. Namche Barwa gneisses cover an area of ~2000 km 2 . Assuming a crustal density of 2.8 g/cm 3 , this implies up to 2 × 10 14 kg of crust have been removed in the past 3-10 Myr. Moreover, in-situ monazite ages combined with thermobarometry on rocks from Gyala Peri indicate garnet growth occurred over several million years (6.4 ± 0.3 Ma to 11.3 ± 0.2 Ma; sample GP-4, Table 2 ) and during a pressure decrease of ~5 kbar (GP-4 core = 8.3 kbar; rim = 3.5 kbar, Table 1 ). These pressure-temperature changes are summarized in Figure 13 , and suggest longterm exhumation rates of at least ~3 mm/yr. A mechanism for transporting such a large amount of material to the surface remains unclear. We take this opportunity to examine our results in the context of different geodynamical models, which link surface processes to patterns of crustal deformation and exposure of metamorphic facies.
The Himalayan syntaxes have been attributed to oroclinal bending (Ratschbacher et al., 1994) , lithospheric-scale folding (e.g., Treloar et al., 1991; Burg et al., 1998; Burg and Podladchikov, 1999) , duplex thrusting (e.g., Ding et al., 2001; Yin et al., 2006) and/or a pop-up structure (Schneider et al., 1999; Poage et al., 2000) . However, not all of these models are focused on the eastern Himalayan syntaxis in particular, and we emphasize that the structural development of Nanga Parbat and Namche Barwa are not necessarily analogous. Of these studies, Burg et al. (1998) is most consistent with our observations that the eastern Himalayan syntaxis is folded into a lithospheric-scale antiform, the structural evolution of which controlled the earlier portion of Namche Barwa's history. All of these models, however, assign a passive role to major rivers that crosscut the orogen. In contrast, many recent studies suggest that the Tsangpo was not antecedent to the Namche Barwa structure but rather drove exhumation of the massif as part of a late Miocene capture event (Koons, 1995; Brookfi eld, 1998; Clark et al., 2004) . Models coupling erosional and tectonic processes (e.g., Jamieson and Beaumont, 1989; Beaumont et al., 1992; Koons, 1995; Koons et al., 2002) are therefore more appropriate to consider as viable models for interpretation of our data set.
This study reports high-grade metamorphism roughly coincident with the age of decompression melting (Booth et al., 2004; Fig. 12) , as well as a period of rapid denudation at Namche Barwa, estimated at up to ~10 mm/yr over the past 3 Myr (Burg et al., 1998) . Coincidence of young granite intrusion with a period of rapid erosion suggests a cause-effect relationship, perhaps a scenario involving decompression melting that mimics Nanga Parbat in the western Himalayan syntaxis. Younger cooling ages also correspond to high-P metamorphism (Fig. 5) , indicating rapid exhumation accompanied by high-grade metamorphism. Young activity and decompression melts are features characteristic of a "tectonic aneurysm" model (Zeitler et al., 2001a; Koons et al., 2002) , which attributes anatexis and high-grade metamorphism to rapid exhumation initiated by the Yarlung Tsangpo.
Coupled thermal-mechanical-erosional modeling (Koons et al., 1998; Zeitler et al., 2001b; Koons et al., 2002) shows that in a deforming orogen, local rheological variations will arise from deep and rapid incision. The crust will weaken as the strong upper crust is locally stripped from above by erosion, and the local geotherm is then steepened from below by a responding focused rapid uplift of hot rock. Provided that effi cient erosion continues, a positive feedback develops in which fl ow of material into this weakened zone maintains local elevation and relief, reinforcing the concentrated exhumation and bowing up isotherms. This feedback model has been dubbed a "tectonic aneurysm" (Zeitler et al., 2001a) , in the sense of self-sustained failure of a normally strong boundary. Inherent in this model is the notion that feedback can amplify rather local geomorphic processes to the point where they exert a profound infl uence on the metamorphic and structural evolution of rocks at considerable depth. The tectonic aneurysm proposes that even at local scales of ~20 km, strong feedbacks can develop between fl uvial erosion and crustal deformation, such that strain is increasingly localized, resulting in formation and exposure of a highgrade metamorphic massif. Young metamorphic ages and high P-T equilibrium conditions near the core of Namche Barwa seem to support this model. Our data also suggest that these tectonicsurfi cial feedbacks have been operative since at least 3 Ma (and perhaps since ca. 10 Ma), implying that Namche Barwa is not merely a recent, transient feature in the crust. This is supported by drainage patterns of rivers in eastern Tibet, which indicate that river capture and reversal occurred prior to or coeval with Miocene uplift of this area (Brookfi eld, 1998; Hallet and Molnar, 2001; Clark et al., 2004) .
The tectonic aneurysm model is a specifi cally localized interpretation of the tectono-metamorphic features of our data set. A related but alternative possibility is that rapid exhumation observed at Namche Barwa is accomplished through widespread ductile extrusion, in the context of channel fl ow from beneath Tibet. Models of the Himalayan-Tibetan system (e.g., Royden et al., 1997; Clark and Royden, 2000) portray the Tibetan Plateau as underlain by a weak lower crust, decoupled from upper crustal deformation, and outward growth of the Tibetan Plateau has been proposed to occur through eastward extrusion of the lower crust (Royden, 1996; Clark and Royden, 2000; Shen et al., 2001) . Coupled erosional-tectonic modeling (e.g., Beaumont et al., 1992; Beaumont et al., 2001) suggests that focused erosion at the edge of a plateau underlain by low-viscosity material can lead to ductile extrusion of high-grade metamorphic rocks between bounding structures. This coupling is proposed to be responsible for exhumation of the Greater Himalayan Sequence during the Miocene, between the Main Central thrust and South Tibetan detachment system (Beaumont et al., 2001) . The location of Namche Barwa at the southeastern edge of the Tibetan Plateau, combined with erosion rates that are among the highest in the world (Singh and France-Lanord, 2002) , suggests that similar processes may have infl uenced the evolution of the eastern Himalayan syntaxis. It is possible that the high-grade metamorphic rocks of Namche Barwa were brought to the surface through ductile extrusion facilitated by a lowviscosity crustal channel from beneath Tibet. If so, the Nam-la thrust system, and possibly other unidentifi ed similar structures, must be involved in accommodating this motion. Ductile extrusion might therefore be a process that has been active here since the late Miocene. However, the channel-fl ow model implies that the material being extruded is derived, at least in part, from beneath Tibet. If this were the case, one would expect to see evidence at Namche Barwa of Asian plate rocks, i.e., Lhasa Block material and/or a Gangdese arc signature within the Indian basement gneisses; to our knowledge, this has not yet been observed in this region.
Our data are consistent with the lithosphericscale buckling model of Burg et al. (1998) . However, currently existing geodynamic models have the ability to integrate many geological and geophysical observations, linking lithospheric deformation with surface denudation to predict how crustal rheology might be affected by river erosion. It is beyond the scope of this paper to prove or disprove these models. Nevertheless, our data appear to most closely fi t the tectonic aneurysm model (Zeitler et al., 2001a; Koons et al., 2002) , based on distinct spatial correlations between P-T conditions, age of metamorphism, and erosion by the Tsangpo. Surfi cial-tectonic interactions on the order of ~20 km are consistent with the scales predicted by this model. The ductile extrusion model (Beaumont et al., 1992; Beaumont et al., 2001 ) also cannot be ruled out entirely with the existing data, particularly for earlier parts of the exhumation history.
